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Introduction
/?-4-Thiouridine (s4 U), the sulfur analog o f uri dine (U), is a m inor constituent of tR N A [1] [2] [3] [4] . Owing to its particular physical and chemical prop erties, it has attracted considerable interest and has been the subject o f studies in relation to tR N A and concerning the general behaviour o f s4U as substi tute for U in biological systems [5] [6] [7] [8] [9] [10] [11] [12] [13] .
N M R data have dem onstrated that s4U and its 5'-phosphate occur preferentially in the anti form in aqueous solution [14] [15] [16] [17] [18] [19] , sim ilar as other pyri midine nucleosides and nucleotides. W hen crystal lized from water as sesquihydrate, however, it adopts the unusual syn form [13] which in the pyrim idine series has been only observed in a few rare cases with either the base substituted in 6 -position [2 0 , 2 1 ] or with the ribose m oiety m odified [22, 23] .
As s4U • sesquihydrate in the crystalline state displays a unique conform ation, it was o f interest to find out w hether crystallization from another sol vent would produce the generally preferred anti form and if so, what would be the structural dif ferences o f the two conform ational isomers.
Experimental
s4U was dissolved in butyric acid in the hope to obtain crystals of a specific s4U • butyric acid com plex as model system for nucleoside protein inter actions. The yellow, needleshap crystals grown after slow cooling of such a solution, contained however, only s4 U. Systematic absences of X-ray reflections OkO with k odd indicated space group V21; relevant crystallographic data were m easured on an auto mated four-circle diffractom eter, using N i-filtered CuK a radiation, 2 6 /6 scan mode with m axim um 2 6 = 120°. Absorption correction was not applied. Crystallographic data are given in Table I . The crystal structure was solved by direct m ethods [24] and refined by full m atrix least squares. Hydrogen 
Results and Discussion
The m olecular conformation of s4U in the present crystal form is anti. In Fig. 1 , the two syn [13] and anti forms are displayed and in Table III, bond  angles and distances computed from entries in  Table II a, b are compared. As already discussed [13] , the m ain differences are found in bond angles around atoms C (l') and N (l) because they are directly influenced by the close contacts occurring between 0 (2 ) and ribose atoms if the uracil hetero cycle is in the syn orientation. I.e. angles around C(10 and N (l) in the anti form are "norm al", those in the syn form are widened, compare C (2')-C (l')-N (l) and C (l')-N (l)-C (2 ), Table III . A noticeable difference one can also observe for the 0 (3')-C (3')-C(2') angle. Otherwise, bond angles and distances are similar in the two conformational isomers of s4 U.
The torsion angles, (Table IV) , however, differ greatly, especially / Cn , defined by 0(1')-C(1')-N (1)-C(6 ), is -8 7 .1° in syn [13] atoms bonded to C, N and 0 (5 ') were located from difference Fourier maps but those attached to 0 (2 ') and 0 (3 ') did not show up as clearly and were therefore omitted. are gauche, gauche in both cases, with relevant torsion angles given in Table IV .
In the crystal structure of uridine, two molecules (denoted U(A) and U(B)) are found in the asym metric unit [26] . Both of them are in the a n ti con form ation with glycosidic torsion angles / Cn and pseudorotation param eters P and Tmax: U (A )* c n = 1 8 .3°, w = 40.4°, P = 3 .7°; U (B )zc n = 24.3°, Tmax = 42.4°, P = 13.8°.
Comparison with s4U shows that a n ti-s4U is very similar to U(B). The crystal packing patterns of s4U in the syn [13] and a n ti (Fig. 2) forms are reminiscent of each other because separation into hydrophilic and hydrophobic zones is observed. The former zone is built up of riboses (and w ater of hydration in syn -s4 U) which are hydrogen bonded to each other and to N(3), S(4), and the latter are formed by heterocycles stacked nearly perpendicular to the stack axis in syn-s4U but at an angle 44.30 in an ti-s4 U, leading to a corrugated sheet structure in that case.
The stacking interactions in thiouracil derivatives have been sum m arized in [27] . A consistent picture emerged showing (a), that S can be involved in hydrogen bonding as well as 0(2) or 0 (4 ) and (b), that stacking overlap o f adjacent bases is such that S interacts with N (l) or N(3). A similar pattern is also observed in a n ti-s4U (Fig. 2) where S(4) accepts hydrogen bonds from 0 (3 ') and is located close to and over N(3) of the neighbouring heterocycle, as found in the crystal structure o f arabino-4-thiouridine [27] , The 0 (2 ) oxygen, however, does not accept a hydrogen bond. As indicated in the stack ing diagram (Fig. 3) , base-base contacts only in volve bonds C (2)-0(2) and C(4)-S(4) but hetero cycles practically do not overlap. A futher intermolecular interaction is found in the close contact o f 2.999 (9) A between (partially negatively charged) 0 (2 ) with (positively charged) C(2) o f an adjacent base, and this 0 (2 ) atom is not involved in hy- drogen bonding. Short intermolecular contacts are summarized in Table VI .
Conclusions
The two different crystal structures o f syn and anti s4 U, one containing water of hydration and the other not, show that packing forces can substantially influence the three-dimensional structure o f a nucleoside. This should be kept in m ind if crystallographic data of a flexible molecule are interpreted in structural terms. In the nucleoside series, however, where a vast body of data, both from crystallographic and from spectroscopic studies is available and preferred conformational ranges are known, such rare conformations as s>tj-s4U dem onstrate the flexibility of a molecule and help to recognize extreme cases and conformational transitions. If the correlation of sugar pucker and angle distortion with syn-anti interchange are concerned, a more complete picture o f the structural properties of s4U and other nucleosides can be drawn. U p to the present time, there are no quantitative theoretical data relating energetical characteristics of crystal packing forces with intrinsic properties of bigger biological molecules. The promising theoret ical investigations of amides, carboxylic acids and other simpler model compounds [28] can be ex tended in future on nucleosides. A consistent appli cation of Force Field Methods and Monte Carlo techniques to isolated molecules, and molecules influenced by crystal forces as well as free in solution, is the urgent task.
s4U constitutes a good experimental basis for further theoretical investigations.
